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Description

[0001] This invention relates to a printing head drive
device of an ink jet printer.

[0002] An ink jet printer is one type of dot matrix
printer. In an ink jet printer, ink droplets are jetted onto
the recording sheet according to binary-coded image
signals, so that a character or image is formed with
recording dots having the same size. In order to form an
ink jet image which is variable in gradation, such as a
picture, it is essential to reduce the weight of each ink
droplet, and therefore the size of the resultant recording
dot. If the size of the resultant recording dot is not
reduced, the low density region of the printed image will
have significant granularity.

[0003] A method of decreasing the weight of ink drop-
lets has been disclosed in Japanese Patent Application
(OPI1) No. 17589/1980. In the method disclosed in this
reference, the volume of the pressure chamber is
changed, i.e., the chamber is expanded and contracted.
In other words, the weight of the ink droplets is reduced
by decreasing the force of expanding and contracting
the pressure chamber. On the other hand, the high den-
sity region of the formed image must be filled com-
pletely with ink dots with no spaces between the ink
dots. Hence, if the size of each recording dot is
decreased, then the printing speed is decreased as
much (when compared with the case where the record-
ing dots are large).

[0004] Let us consider the cases where print resolving
powers are 360 dpi and 720 dpi. In those cases, in order
to completely fill the recording sheets with the recording
dots, i.e., to form solid prints, the recording dots must be
at least 100 um and 50 um, respectively. In the case
where the print resolving power is 720 dpi, the printing
speed is decreased to about a quarter (1/4) of that in the
case where the print resolving power is 360 dpi. In order
to overcome this difficulty, it is necessary to increase the
ink droplet jetting frequency by a factor of "4" (four-fold),
or to increase the number of ink jetting nozzles by a fac-
tor of "4". However, to do so is rather difficult.

[0005] In order to solve the above-described prob-
lems, a technique has been proposed in which ink drop-
lets having different weights are jetted from the same
nozzle, to form an image that is variable in gradation (cf.
Japanese Patent Publication No. 15735/1992, and U.S.
Patent No. 5,285,215). In this technique, a plurality of
pulse signals are employed to from a plurality of minute
ink droplets, and the number of minute ink droplets thus
formed is adjusted to form a larger diameter ink droplet
which is dropped onto the recording sheet.

[0006] In the technique described above, a plurality of
minute ink droplets are combined to form one ink drop-
let larger in diameter. However, this process decreases
the printing speed. Furthermore, since minute ink drop-
lets must be combined before being dropped onto the
recording sheet, the recorded dots are unavoidably
small in the range of variations in diameter.
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[0007] In the art, document JP-A-63 182 153 dis-
closes an ink jet recorder capable of performing multi-
gradational recording by using large and small diameter
ink droplets. To generate the different sizes of the drop-
lets, a sine wave supplied from a high frequency power
source used to generate ink droplets through excitation
of a nozzle is controlled in voltage by two volume con-
trols. A relay selects one of the two voltages. If the relay
selects the first exciting voltage sent from the first vol-
ume control, large diameter droplets are generated,
while small diameter droplets are generated if the sec-
ond exciting voltage sent from the second volume con-
trol is selected. Because the switching time of a relay is
slow compared to the period of the high-frequency volt-
age, in this technique many ink droplets of one size are
generated before the operation is switched to the gener-
ation of droplets of the other size.

[0008] The present invention intends to overcome the
above problems. The object is solved by the ink jet type
printing head drive device according to independent
claim 1.

[0009] Further advantages, features, aspects and
details of the invention are evident from the dependent
claims, the description and the accompanying drawings.
[0010] The present invention generally relates to a
drive device for a printing head of an ink jet printer in
which different size ink droplets are jetted from the
same nozzle onto a recording medium such as a
recording sheet.

[0011] According to an aspect of the invention a drive
device for an ink jet type printing head is provided which
is able to jet ink droplets having different diameters from
the same nozzle without changing the printing speed.
[0012] The foregoing object of the invention is
achieved by the provision of a drive device for an ink jet
type printing head in which a pressure generating
chamber is expanded and contracted with a piezo-elec-
tric element which is confronted with the pressure gen-
erating chamber to cause a nozzle opening to jet ink
droplets, wherein

a first drive signal which is used to jet a relatively
large ink droplet from the nozzle opening, and a
second drive signal in succession to the first drive
signal which is used to jet a relatively small ink
droplet from the nozzle opening, are generated
within one printing period; and

according to a printing signal, one of the first and
second drive signals is selected and applied to the
piezo-electric element, so that ink droplets having
different sizes are jetted within one printing period.

[0013] Accordingly, an ink jet type printing head drive
device is provided in which a piezo-electric element
confronts a pressure generating chamber and the
chamber is expanded and contracted by the piezo-elec-
tric element to jet ink droplets from a nozzle opening,
the drive device comprising:
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a drive signal generating circuit which outputs
within one printing period a first drive signal for jet-
ting a relatively large ink droplet from the nozzle
opening, and a second drive signal in succession to
said first drive signal for jetting a relatively small ink
droplet from the nozzle opening; and a selecting cir-
cuit which selects one of said first and second drive
signals, and applies said drive signal thus selected
to the piezo-electric element.

[0014] With the drive device of the invention, a rela-
tively large ink droplet is jetted first so that the oscillation
of the meniscus due to the jetting of an ink droplet will
not affect the following printing period.

[0015] Furthermore, the drive device for an ink jet type
printing head according to the present invention makes
it possible to jet ink droplets having different sizes from
the same nozzle, whereby the resultant image is high in
picture quality and in gradation, and the printing opera-
tion is achieved at high speed. The drive device
includes a drive signal generating circuit which outputs
within one printing period a first drive signal which is
used to jet a relatively large ink droplet from the nozzle
opening, and a second drive signal in succession to the
first drive signal which is used to jet a relatively small ink
droplet from the same nozzle opening. In response to a
printing signal, one of the first and second drive signals
is selected and applied to the piezo-electric elements of
the printing head. Thus, ink droplets having different
sizes are jetted from the same ink nozzle.

[0016] The invention will be better understood by ref-
erence to the following description of embodiments of
the invention taken in conjunction with the accompany-
ing drawings, wherein:

FIG. 1 is an explanatory diagram showing an exam-
ple of an ink jet type printing head according to the
invention;

FIG. 2 is a circuit diagram, partly as a block dia-
gram, showing the arrangement of a drive circuit
according to the invention;

FIG. 3 is a circuit diagram of an example of a drive
signal generating circuit in the drive circuit of the
invention;

FIG. 4 is a timing chart showing the operation of the
drive device according to the invention;

FIGS. 5(a) through 5(j) are diagrams showing the
behavior of a meniscus in the formation of ink drop-
lets;

FIGS. 6(a) and 6(b) are diagrams showing the
selection of drive signals;

FIG. 7(a) is a graphical representation indicating
first ink drop speeds and weights with drive time
intervals which elapse from the application of sec-
ond drives signals until first drive signals are
applied, respectively;

FIG. 7(b) is a graphical representation indicating
second ink drop speeds and weights with drive time
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intervals which elapse from the application of the
first drive signals until the seconds drive signals are
applied, respectively; and

FIG. 8 is a graphical representation of the drives
signals and the residual oscillations.

[0017] FIG. 1 shows an example of an ink jet type
printing head to which the technical concept of the
invention is applied.

[0018] In FIG. 1, reference numeral 1 designates a
nozzle plate having a nozzle opening 2; and 3, a flow-
path forming board. The board 3 has a through-hole
defining a pressure generating chamber 9, through-
holes or grooves defining ink supplying holes 10, and a
through-hole defining a common ink chamber 11. Fur-
ther in FIG. 1, reference numeral 4 designates a vibrat-
ing board which elastically deforms itself and is in
abutment with the end of a piezo-electric element 6. The
nozzle plate 1 and the vibrating board 4 are set on both
sides of the flow-path forming board 3, thus forming a
base board unit 5.

[0019] Further in FIG. 1, reference numeral 7 desig-
nates a base stand including a chamber 8 in which the
piezo-electric element 6 is vibratingly accommodated.
The piezo-electric element 6 is fixed through a fixing
board 13 so that the island portion 4a of the vibrating
board 4 is in abutment with the end of the piezo-electric
element 6.

[0020] FIG. 2 is a block diagram showing an example
of a drive circuit for driving the above-described printing
head.

[0021] In FIG. 2, reference numeral 22 designates a
memory for temporarily storing printing data; 23, a drive
signal generating circuit for generating drive signals to
vibrate (expand and contract) the piezo-electric element
6 of the aforementioned printing head; 27, a shift regis-
ter for storing printing data which are transferred, in a
serial mode, from the memory 22; and 26, a latch circuit
for latching all the printing data at the same time which
have been stored in the shift register 27. The output of
the latch circuit 26 is applied to the control terminals of
selecting circuits, namely, transistors "S", to control the
conduction of those transistors "S". The aforementioned
memory 22, drive signal generating circuit 23, latch cir-
cuit 26, and shift register 27 are controlled by a control
circuit 21. In each of the transistors "S", a diode "D" is
connected between the collector and the emitter as
shown in FIG. 2.

[0022] FIG. 3 is a circuit diagram showing an example
of the drive signal generating circuit 23.

[0023] In FIG. 3, reference characters IN1 and IN3
denote input terminals to which a charge signal is
applied for contracting the piezo-electric element 6; and
IN2 and IN4, input terminals to which a discharge signal
is applied for expanding the piezo-electric element 6.
The control circuit 21 applies pulse signals (which, as
shown in FIG. 4, have pulse widths T1, T2, T3 and T4,
respectively,) to the input terminals IN1, IN2, IN3, and
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IN4, respectively. The terms "charge signal” and "dis-
charge signal” as used herein are intended to mean that
they are signals contributing to charge and discharge of
the piezo-electric element which is a capacitive load.
[0024] The pulse signal (T1) applied to the input ter-
minal IN1 is applied through a level shifting transistor
Q1 to a first constant current charge circuit 30, which
comprises transistors Q2 and Q3 and a resistor R1, to
operate the circuit 30. As a result, a capacitor C is
charged with a constant current value. Hence, the termi-
nal voltage of the capacitor C is raised to a predeter-
mined voltage in a period of time 1. Hence, a voltage
which is substantially equal to the terminal voltage is
applied through a current ampilifier circuit 34 to an out-
put terminal QUT. Hereinafter, a voltage waveform
formed by this pulse signal (T1) will be referred to as "a
first voltage waveform”.

[0025] Similarly, the pulse signal (T3) applied to the
input terminal IN3 is applied through a level shifting
transistor Q4 to a second constant current charge circuit
31, which comprises transistors Q5 and Q6 and a resis-
tor R2, to operate the circuit 31. As a result, the capaci-
tor C is charged with a constant current value. Hence,
the terminal voltage of the capacitor C is raised to a pre-
determined voltage in a period of time t4. Hence, a volt-
age which is substantially equal to the terminal voltage
of the capacitor is applied through the current amplifier
circuit 34 to an output terminal OUT. Hereinafter, a volt-
age waveform formed by this pulse signal (T3) will be
referred to as "a fourth voltage waveform”.

[0026] Similarly, the pulse signal (T2) applied to the
input terminal IN2 to operate a first constant current dis-
charge circuit 32, which comprises transistors Q7 and
Q8 and a resistor R3, to discharge the capacitor C with
a predetermined current. Hence, the terminal voltage of
the capacitor C is decreased to a predetermined voltage
in a period of time 3. Hence, a voltage which is sub-
stantially equal to the terminal voltage of the capacitor C
is applied through the current amplifier circuit 34 to the
output terminal OUT. Hereinafter, a voltage waveform
formed by this pulse signal (T2) will be referred to as "a
third voltage waveform”.

[0027] Similarly, the pulse signal (T4) applied to the
input terminal IN4 to operate a second constant current
discharge circuit 33, which comprises transistors Q9
and Q10 and R4, to discharge the capacitor C with a
predetermined current. Hence, the terminal voltage of
the capacitor C is decreased to a predetermined voltage
in a period of time 6. Hence, a voltage which is sub-
stantially equal to the terminal voltage of the capacitor C
is applied through the current amplifier circuit 34 to the
output terminal OUT. Hereinafter, a voltage waveform
formed by this pulse signal (T4) will be referred to as "a
sixth voltage waveform”.

[0028] The pulse signals T2 and T4 applied to the
input terminals IN2 and IN4 output pulses which are
long enough in pulse width to discharge the capacitor C.
[0029] A predetermined time interval is provided
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between the termination of the first voltage waveform
and the start of the third voltage waveform, so that a
second voltage waveform is produced which maintains
the voltage at the same level as the voltage at the end
of the first voltage waveform. Similarly, a predetermined
time interval is provided between the termination of the
fourth voltage waveform and the start of the sixth volt-
age waveform, so that a fifth voltage waveform is
obtained which maintains the voltage at the same level
as the voltage at the end of the fourth voltage waveform.

[0030] The drive signals applied to the output terminal
OUT in the above-described manner are supplied to a
plurality of piezo-electric elements 6.

[0031] The operation of the drive circuit thus organ-
ized will be described with reference to waveforms
shown in FIG. 4.

[0032] When the pulse signal shown in FIG. 4 is
applied to the terminal IN1 (FIG. 4 (1)), the transistor Q1
is rendered conductive (on), so that the transistor Q3
forming the first constant current charge circuit 30 is
rendered conductive (on), and a constant current flows
in the capacitor C through the resistor R1. Hence, the
terminal voltage of the capacitor C is increased at a gra-
dient of constant voltage. Hence, a voltage substantially
equal to the terminal voltage of the capacitor C is pro-
vided at the output terminal QUT through the current
amplifier circuit 34. Owing to the drive voltage, the pie-
zoelectric elements 6, 6, 6,... are selectively charged to
a predetermined voltage through the transistors S, S,
S,.. which are selectively rendered conductive (on) by
printing signals 25, 25, 25,.... As a result, each piezo-
electric element S is contracted, so that the pressure
generating chamber 9 is expanded, a predetermined
quantity of ink is caused to flow from the common ink
chamber 11 into the pressure generating chamber 9.
[0033] Upon termination of the pulse signal applied to
the terminal IN1 (FIG. 4 (II)), the transistor Q1 is ren-
dered non-conductive (off), so that the charging of the
capacitor C is suspended. Thereafter, in a predeter-
mined period of time, a pulse signal is applied to the
input terminal (FIG. 4 (11I)). For the period of time of from
(1) to (1IN, the voltage value at the end of charge is
maintained, so that the piezo-electric elements 6, 6,...
are maintained contracted.

[0034] When a pulse signal shown in FIG. 4 is applied
to the terminal IN2 (FIG. 4 (Ill)-(IV)), the transistor Q8
forming the first constant current discharge circuit 32 is
rendered conductive (on), so that the capacitor C is dis-
charged with a predetermined current rate, and accord-
ingly the terminal voltage of the capacitor C is
decreased with a predetermined voltage gradient. As a
result, only the piezo-electric elements 6 which have
been charged to jet ink droplets, are discharged with a
predetermined voltage gradient through the diodes D,
and the piezo-electric elements 6 are expanded accord-
ing thereto.

[0035] As the piezo-electric elements 6 are expanded
in this manner, the pressure generating chamber 9 is
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contracted at a speed corresponding to the speed of
expansion of the piezo-electric elements 6, so that a
positive pressure is generated in the pressure generat-
ing chamber 9, whereby a first ink droplet is jetted from
the nozzle opening 2.

[0036] In a predetermined period of time, a pulse sig-
nal having a pulse width T3 (in FIG. 4) is applied to the
terminal IN3 (FIG. 4 (V)). As a result, the transistor Q4
is rendered conductive (on), so that the transistor Q6
forming the second constant current charge circuit 31 is
turned on, whereby a predetermined current flows in the
capacitor C through the resistor R2. In this connection,
the pulse widths T1, T3, and the resistors R1 and R2
are set to meet the following relations:

T1/R1 > T3/R2, and R1 < R2

As a result, a fourth voltage wave form is produced
which has a smaller gradient than the first voltage wave-
form and whose maximum voltage (at the time instant of
FIG. 4 (V) is less than the maximum voltage (at the time
instant of FIG. 4 (II)). With the fourth voltage waveform,
only the piezo-electric elements 6 which have been
selectively rendered conductive by the printing signals
25 are charged to predetermined voltages. As a resuilt,
the piezo-electric elements are contracted, so that the
pressure generating chamber 9 is expanded and a pre-
determined quantity of ink is caused to flow from the
common ink chamber 11 into the pressure generating
chamber 9.

[0037] Upon completion of the application of the pulse
signal to the terminal IN3 (FIG. 4 (V1)), the transistor Q4
is rendered non-conductive (off), and therefore the
charging of the capacitor C is suspended. Thereafter, in
a predetermined period of time, a pulse signal is applied
to the input terminal IN4 (FIG. 4 (VII)). For a period of
time of from (VI) to (VII), a voltage value is maintained
which is lower than the voltage value provided at the
end of the preceding charging operation (FIG. 4 (I1)).
The period of time of from (VI) to (V1) is shorter than the
period of time of from (l1) to (11).

[0038] Upon application of a pulse signal (shown in
FIG. 4) to the terminal IN4, the transistor Q10 forming
the second constant current discharge circuit 33 is ren-
dered non-conductive, and the capacitor C is dis-
charged for a period of time 16; that is, the terminal
voltage of the capacitor C is decreased at a predeter-
mined voltage gradient. Hence, only the piezo-electric
elements 6 which have been charged to jet a second ink
droplet smaller than the first ink droplet are discharged
with a predetermined voltage gradient through the
diodes D. Thus, the piezo-electric elements are
expanded at the speed corresponding to the discharge.
[0039] The pressure generating chamber 9 contracts
at a speed corresponding to the speed of expansion of
the piezo-electric elements 6, and a positive pressure is
generated in the chamber 9, so that the second ink
droplet is smaller than the first ink droplet.
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[0040] FIG. 5 shows how ink droplets are jetted from
the nozzle opening. More specifically, parts (a) through
(e) of FIG. 5 show the jetting of the first ink droplet, and
parts (f) through (j) of FIG. 5 show the jetting of second
ink droplet. In addition, part (a) of FIG. 5 corresponds to
the time instant (I) in FIG. 4; part (b), to the time instant
(1) in FIG. 4; part (c), to the time instant (lll) in FIG. 4;
part (d) to the time instant (IV) in FIG. 4; part (f), to the
time instant (V) in FIG. 4; part (g), to the time instant (VI)
in FIG. 4; part (h), to the time instant (VII) in FIG. 4; and
part (i), to the time instant (VIII) in FIG. 4.

[0041] The first drive signal is high in maximum volt-
age value, and therefore the pressure generating cham-
ber is expanded to a large volume, whereby the quantity
of ink flowing into the pressure generating chamber 9
from the common ink chamber 11 is large (part (b) of
FIG. 5). The second voltage waveform forming period is
long, so that, after the meniscus 40 is sufficiently
restored (part (¢) of FIG. 4), the positive pressure is
generated. Hence, a large ink droplet can be formed
(parts (d) and (e) of FIG. 5).

[0042] On the other hand, the second drive signal is
small in maximum voltage value, and therefore although
the pressure generating chamber is expanded, the
quantity of ink flowing into the pressure generating
chamber 9 from the common ink chamber is small (part
(9) of FIG. 5). In addition, the fifth voltage waveform
forming period is short. Hence, with the meniscus 40
retracted (the part (h) of FIG. 5), the pressure generat-
ing chamber 9 is contracted, to generate a positive
pressure. Thus, a small ink droplet can be formed (the
parts (i) and (j) of FIG. 5).

[0043] The period of time which elapses from the time
instant that the meniscus 40 is retracted until it is
restored, depends on the ink's inherent period (Helm-
holtz frequency). Hence, preferably, the second drive
signal maintaining time should be longer than the period
of time required for the restoration of the meniscus, and
should be at least 0.9 times the Helmholtz frequency. In
addition, the fifth drive signal maintaining time should be
at most 0.4 times the Helmholiz frequency. Most prefer-
ably, the fifth drive signal maintaining time is zero (0)
sec. However, because of a transistor switching delay,
the transistors Q12 and Q14 shown in FIG. 3 may be
rendered conductive at the same time, to allow current
to penetrate the transistors to damage them. Hence, the
fifth drive signal maintaining time should be set to a
value with which no current penetration occurs with the
transistors.

[0044] The embodiment has been described so as to
meet the following conditions:

(second voltage waveform maintaining time)>(fifth
voltage waveform maintaining time), and

(second voltage waveform's voltage value)>(fifth
voltage waveform's voltage value)

However, it should be noted that each of the above con-
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ditions may be employed separately to reduce the
weight of an ink droplet. That is, if at least one of the
conditions is satisfied, the same effect can be obtained.
In addition, by slowly retracting the meniscus, the
weight of the ink droplet can be decreased. In other
words, after the meniscus has been retracted, the iner-
tial force of the ink towards the nozzle opening 2 from
the ink supply holes 10 is decreased - the lower the iner-
tial force of the ink, the less the weight of an ink droplet
jetted from the nozzle. Hence, by satisfying the condi-
tion (11 < t4), the same affect can be obtained. In addi-
tion, by combining this condition with the above-
described two conditions, the resultant drive device is
markedly improved in operating effect or merit.

[0045] In the above-described embodiment, the
weight of the first ink droplet is set to the, value with
which the recording sheet can be printed, in its entirety,
with the ink droplets with no spaces left therebetween.
For instance, in the case of a print resolving power of
720 dpi, the recording dot diameter of the first ink drop-
let is set to about 70 um with the droplet landing accu-
racy taken into account.

[0046] Next, a method of selecting the first drive signal
or the second drive signal will be described.

[0047] Printing data is transferred, in a serial mode,
from the memory 22 to the shift register 27. In this oper-
ation, being divided into a first data train for selecting
the first drive signal, and into a second data train for
selecting the second drive signal, the printing data is
transferred in synchronization with a transfer clock sig-
nal with the timing shown in FIG. 4. That is, the printing
data for selecting the first drive signal is transferred to
the shift register 27 during the period in which the pre-
ceding second drive signal is generated, and the print-
ing data for selecting the second drive signal is
transferred to the shift register during the period in
which the preceding first drive signal is generated. And
in synchronization with the first or second drive signal,
the data stored in the shift register 27 is stored in the
latch circuit 26 with the aid of a latch signal, and printing
signals 25 are applied to the control terminals of the
transistors S.

[0048] The printing data is transferred in such a man-
ner that the first and second drive signals are not
selected simultaneously within one drive period. Hence,
with respect to the drive signals applied to the piezo-
electric element 6, there are three cases: in the first
case, the first drive signal is applied to the piezo-electric
element 6; in the second case, the second drive signal
is applied thereto; and in the third case, none of the first
and second drive signals is applied thereto.

[0049] It is assumed that one period from the genera-
tion of a first drive signal to the generation of the next
first drive signal is represented by Df0. In the embodi-
ment, the period Df0 is set to a value with which the first
ink droplet which is large in weight can be driven contin-
uously and most quickly; that is, it is set to the maximum
drive period of the printing head.
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[0050] On the other hand, in the invention, in one drive
period, the timing is such that two different size ink drop-
lets are jetted. Hence, as is apparent from the parts (a)
and (b) of FIG. 6, sometimes the drive period is not Df0.
In the case of the part (a) of FIG. 6, after the second
drive signal is applied, the first drive signal is applied,
and therefore the drive period Df12 is shorter than Df0.
On the other hand, in the case of the part (b) of FIG. 6,
after the first drive signal has been applied, the second
drive signal is applied, and therefore the drive period
Df21 is longer than Df0.

[0051] In the case of the jet timing shown in the part
(a) of FIG. 6, the maximum drive period Df0 is
exceeded. However, in the embodiment, the ink jetting
characteristic is not affected thereby because of the fol-
lowing reason:

[0052] FIG. 7(a) is a graphical representation indicat-
ing first ink drop speeds and weights with drive time
intervals which elapse from the application of the sec-
ond drive signals until the first drive signals are applied,
respectively. FIG. 7(b) is a graphical representation indi-
cating second ink drop speeds and weights with drive
time intervals which elapse from the application of the
first drive signals until the second drive signals are
applied, respectively. As is seen from parts (a) and (b)
of FIG. 7, even if, in the case where the first drive signal
is applied after the second drive signal, the drive period
is shorter than Df0, the characteristic is maintained
unchanged. This is due to the fact that the time required
for eliminating the residual oscillation of the meniscus
after the ink has been jetted is variable.

[0053] FIG. 8 is a graphical representation indicating
the residual oscillation of the meniscus. More specifi-
cally, FIG. 8 shows that, after the application of the first
drive signal, the residual oscillation lasts for a relatively
long period of time because the ink droplet jetted is rel-
atively heavy; and that, after the application of the sec-
ond drive signal, the residual osciliation is eliminated
quickly because the ink droplet jetted is relatively light.
In other words, in the case where the first drive signals
are continuously applied to the piezo-electric element 6,
it is impossible to make the drive period shorter than
Df0; however, if the weight of the ink droplet jetted
immediately before is smaller than that of the first ink
droplet, then the residual oscillation is quickly elimi-
nated, and therefore it is possible to temporarily make
the drive period shorter than Df0.

[0054] Hence, as shown in part (a) of FIG. 6, it is pos-
sible to shorten the period of time which elapses from
the application of the second drive signal to the piezo-
electric element 6 until the first drive signal is applied to
the piezo electric element 6. Thus, with the drive device
of the invention, the printing speed is higher than that
with the conventional one. Furthermore, as shown in the
part (b) of FIG. 6, the period of time which elapses from
the time instant that the first drive signal is applied to the
piezo-electric element 6 until the second drive signal is
applied thereto is sufficiently long, which makes it possi-
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ble to stably jet a small ink droplet.

[0055] In the above-described embodiment, two kinds
of ink droplets having different sizes are jetted; however,
the invention is not limited thereto or thereby. That is,
the technical concept of the invention is applicable to
the case where more than two sizes of ink droplets are
jetted. In this case, a plurality of drive signals are suc-
cessively generated to jet ink droplets beginning with
the largest one in a printing cycle, and one of the drive
signals thus generated is applied to the piezo-electric
element 6.

[0056] Concrete values of the various elements in the
above-described embodiments were as follows:

Ink inherent frequency: 8 us

First voltage waveform rise time 11: 14 ps

Second voltage waveform: 8 us

Third voltage waveform fall time 13: 7 us

First drive signal maximum voltage value: 40 V
Fourth voltage waveform rise time t4: 10 us

Fifth voltage waveform: 2 ps

Sixth voltage waveform fall time 16: 7 us

Second drive signal maximum voltage value: 22 V

[0057] Under the above-described conditions, the first
ink droplet was 0.027 ng in size, the second ink droplet
was 0.009 ng in size, the dot recorded with the first ink
droplet was 70 um, and the dot recorded with the sec-
ond ink droplet was 40 um.

[0058] As was described above, with the drive device
of the invention, after the first drive signal is applied to
jet a relatively large size ink droplet, the second drive
signal is applied to jet a relatively small size ink droplet,
and one of the first and second drive signals is selected
according to a given density signal. Hence, ink droplets
having different sizes can be jetted from the same noz-
zle without changing the drive frequency. Thus, with a
printing head having the drive device of the invention,
an image having high picture quality and gradation can
be printed at high speed.

Claims

1. Ink jet type printing head drive device having a
piezo-electric element (6) and a pressure generat-
ing chamber (9) being expandable and contractable
by the piezo-electric element (6) for jetting ink drop-
lets from a nozzle opening (2), the drive device
comprising:

a drive signal generating circuit (23) for output-
ting within one printing period a first drive sig-
nal for jetting a relatively large ink droplet from
the nozzle opening (2), and a second drive sig-
nal in succession to said first drive signal for
jetting a relatively small ink droplet from the
nozzle opening (2); and

a selecting circuit for selecting one of said first
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and second drive signals, and applying said
drive signal thus selected to the piezo-electric
element (6).

2. The drive device as claimed in claim 1, wherein
said first drive signal comprises:

a first voltage waveform for expanding the pres-
sure generating chamber,

a second voltage waveform for maintaining the
pressure generating chamber in an expanded
state, and

a third voltage waveform for contracting the
pressure generating chamber, and/or wherein
said second drive signal comprises:

a fourth voltage waveform for expanding the
pressure generating chamber;

a fifth voltage waveform for maintaining the
pressure generating chamber in an expanded
state; and

a sixth voltage waveform for contracting the
pressure generating chamber.

3. The drive device as claimed in claim 2, wherein a
time of application of said first voltage waveform is
shorter than a time of application of said fourth volt-
age waveform.

4. Thedrive device as claimed in claim 2 or 3, wherein
a time of application of said second voltage wave-
form is longer than a time of application of said fifth
voltage waveform.

5. The drive device as claimed in one of claims 2 to 4,
wherein said second voltage waveform is higher in
voltage than said fifth voltage waveform.

6. The drive device as claimed in one of claims 2 to 5,
wherein a period for which said second voltage
waveform is maintained is at least about 0.9 times a
Helmholtz frequency of ink jetted by the printing
head.

7. The drive device as claimed in one of claims 2 to 6,
wherein a period for which said fifth voltage wave-
form is maintained is no more than about 0.4 times
a Helmholtz frequency of ink jetted by the printing
head.

Patentanspriiche

1. Tintenstrahldruckkopf-Antriebsvorrichtung mit
einem piezoelektrischen Element (6) und einer
Druckerzeugungskammer (9), welche durch das
piezoelekirische Element (6) ausdehnbar und
zusammenziehbar ist, um Tintentrépfchen aus
einer Dusenéffnung (2) auszustoBen, wobei die
Antriebsvorrichtung folgendes umfaBt:
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einen Antriebssignalerzeugungskreis (23) zum
Ausgeben eines ersten Antriebssignals inner-
halb einer Druckperiode zum AusstoB8 eines
relativ groBen Tintentrépfchens aus der
Dusenéffnung (2) und eines zweiten Antriebs-
signals nachfolgend auf das erste Drucksignal
zum AusstoB eines relativ kleinen Tintentropf-
chens aus der Disenéffnung (2); und

einen Auswahlkreis zum Auswahlen eines der
Signale ausgewahlt aus dem ersten und dem
zweiten Antriebssignal und Anlegen des so
gewahlten Antriebssignals an das piezoelektri-
sche Element (6).

2. Antriebsvorrichtung geméaB Anspruch 1, bei der

das erste Antriebssignal folgendes umfaBt:

eine erste Spannungswellenform zum Ausdeh-
nen der Druckerzeugungskammer,

eine zweite Spannungswellenform zum Aufre-
cherhalten der Druckerzeugungskammer in
einem ausgedehnten Zustand, und

eine dritte Spannungswellenform zum Zusam-
menziechen der Druckerzeugungskammer,
und/oder wobei

das zweite Antriebssignal folgendes umfaBt:

eine vierte Spannungswellenform zum Aus-
dehnen der Druckerzeugungskammer;

eine flnfte Spannungswellenform zum Aufre-
cherhalten der Druckerzeugungskammer in
einem ausgedehnten Zustand; und

eine sechste Spannungswellenform zum
Zusammenziehen der Druckerzeugungskam-
mer.

Antriebsvorrichtung geméaB Anspruch 2, bei der
eine Zeit des Anlegens der ersten Spannungswel-
lenform kiirzer als eine Zeit des Anlegens der vier-
ten Spannungswellenform ist.

Antriebsvorrichtung geméan Anspruch 2 oder 3, bei
der eine Zeit des Anlegens der zweiten Span-
nungswellenform langer als eine Zeit des Anlegens
der funften Spannungswellenform ist.

Antriebsvorrichtung gemaB einem der Anspriche 2
bis 4, bei der die zweite Spannungswellenform eine
héhere Spannung als die fiinfte Spannungswellen-
form aufweist.

Antriebsvorrichtung gemaB einem der Anspriche 2
bis 5, bei der eine Periode, liber welche die zweite
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Spannungswellenform aufrechterhalten ist, minde-
stens etwa das 0,9fache einer Helmholtz-Frequenz
von durch den Druckkopf ausgestoBener Tinte
betragt.

Antriebsvorrichtung geman einem der Anspriiche 2
bis 6, bei der eine Periode, Uiber welche die flinfte
Spannungswellenform aufrechterhalten ist, nicht
mehr als etwa das 0,4fache einer Helmholtz-Fre-
quenz von durch den Druckkopf ausgestoBener
Tinte betragt.

Revendications

1.

Dispositif de pilotage de téte dimpression du type a
jets d'encre possédant un élément piézoélectrique
(6) et une chambre génératrice de pression (9) qui
peut se dilater et se contracter sous I'action de I'élé-
ment piézoélectrique (6) pour la projection de gout-
telettes d'encre par une ouverture de buse (2), le
dispositif de pilotage comprenant :

un circuit (23) générateur d'un signal de pilo-
tage destiné a transmetire, pendant une
période dimpression, un premier signal de
pilotage destiné a projeter une gouttelette
d'encre relativement grande par I'ouverture de
buse (2), et un second signal de pilotage qui
suit le premier signal de pilotage et destiné a la
projection d'une gouttelette d'encre relative-
ment petite par I'ouverture normale (2), et

un circuit de sélection de I'un des premier et
second signaux de pilotage et d'application du
signal de pilotage ainsi sélectionné a I'élément
piézoélectrique (6).

2. Dispositif de pilotage selon la revendication 1, dans

lequel le premier signal de pilotage comprend :

une premiére forme d'onde de tension destinée
a la dilatation de la chambre génératrice de
pression,

une seconde forme d'onde de tension destinée
a maintenir la chambre génératrice de pression
a l'état dilaté, et

une troisiéme forme d'onde de tension desti-
née a contracter la chambre génératrice de
pression, et/ou dans lequel :

le second signal de pilotage comprend :

une quatriéme forme d'onde de tension desti-
née a la dilatation de la chambre génératrice
de pression,

une cinquiéme forme d'onde de tension desti-
née a maintenir la chambre génératrice de
pression a I'état dilaté, et

une sixiéme forme d'onde de tension destinée
a contracter la chambre génératrice de pres-
sion.
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Dispositif de pilotage selon la revendication 2, dans
lequel le temps d'application de la premiére forme
d'onde de tension est plus court que le temps
d'application de la quatrieme forme d'onde de ten-
sion.

Dispositif selon la revendication 2 ou 3, dans lequel
le temps d'application de la seconde forme d'onde
de tension est supérieur au temps d'application de
la cinquiéme forme d'onde de tension.

Dispositif de pilotage selon I'une des revendications
2 & 4, dans lequel la seconde forme d'onde de ten-
sion a une tension supérieure a celle de la cin-
quieme forme d'onde de tension.

Dispositif de pilotage selon I'une des revendications
2 a 5, dans lequel la période de maintien de la
seconde forme d'onde de tension est au moins
égale a 0,9 fois environ la fréquence de Helmholtz
de I'encre projetée par la téte d'impression.

Dispositif de pilotage selon I'une des revendications
2 a 6, dans lequel la période pendant laquelle la
cinquiéme forme d'onde de tension est maintenue
ne dépasse pas 0,4 fois environ la fréquence de
Helmholtz de 'encre projetée par la téte d'impres-
sion.
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